INTRODUCTION 29
Norbornane and its non-saturated derivatives are commonly used in the production of 30 rubber, epoxides, medicinal compounds and perfumes [1, 2] . Notably, thermotechnical 31 characteristics of other strained hydrocarbons made them attractive for high-performance 32 combustion applications. Strained 2,2'-bis(bicyclo[2.2.1]heptane) (BBH) compound is a 33 promising as a fuel component for liquid rocket engines. It is assumed that BBH is comparable 2 34 with the unsymmetrical dimethylhydrazine (UDMH) in terms of specific impulse efficiency, but 35 can be significantly less toxic to the environment and personnel working with rocketry. For the 36 purpose of this study, BBH which consists of two strained structures made of 14 carbons and 22 37 hydrogens ( Fig. 1) , was synthesized from 5-vynil-2-norborene [3] [4] [5] . Here we present the data 38 describing toxicity of BBH, which we had obtained by utilizing bacterial lux-biosensors. 39 40 Lux-biosensors are living Escherichia coli cells transformed with hybrid plasmids, 41 containing luxCDABE genes of Photorhabdus luminescense placed under control of various 42 stress-responsive promoters, responsible for increasing the cells luminescence in occurrence of 43 toxicants in the environment [6] [7] [8] [9] . Similarly designed study of UDMH toxicity has been 44 completed earlier [13, 14] .
45
In this study, the genotoxicity of BBH was evaluated using specific lux-biosensors of 46 E. coli MG1655 cells with hybrid plasmids pAlkA-lux, pOxyS-lux, pSoxS-lux and pColD-lux, 47 reacting to DNA alkylation, oxidative damage by hydrogen peroxide, superoxide anion radicals 48 and DNA damages that cause an SOS response, respectively. Were compared of threshold 49 concentrations effect of BBH and UDMH on different stress-responsive promoters.
50

MATERIALS AND METHODS
51
Bacterial strains and plasmids 52 The cells of Escherichia coli K12 strain MG1655 F -ilvG rfb-50 rph-1 were combined 53 with plasmids pAlkA-lux, pColD-lux, pOxyR-lux and pSoxS-lux [8] [9] [10] [11] [12] that were built using a The cells of E. coli were grown at 30°C in LB broth supplemented with ampicillin (100 59 µg/ml), in aerated conditions until early exponential phase. incubation, which roughly corresponds to the time necessary for biosynthesis of luciferase.
60
Measurement of the intensity of bioluminescence
69
Maxima of bioluminescence were observed after 40-60 minutes of exposure for all plasmids 70 except one with the promoter P colD. In case of latter construct, maximum bioluminescence was 71 detected in 90 minutes post exposure. The magnitude of the response was 50-100 times and was 72 dependent on concentration of toxic agent. Each experiment has been performed in biological 73 triplicates, with each triplicate independently measured five times.
74
Chemical. 75 All chemicals were of analytical purity. Hydrogen peroxide was obtained from the firm As can be seen from the data presented in the figure 3 there is oxidative stress caused by 106 hydrogen peroxide. This type of cell damage can lead to modifications of DNA nitrogenous 107 bases, leading to an increase in the rate of mutagenesis. The maximum effect is achieved at a 108 concentration of BBH corresponding to 1% content in water ( fig. 3 , curve BBH-2), a lower 109 concentration does not cause a significant increase in luminescence, and a higher has a General 110 toxic effect on cells, leading to a decrease in the base level of luminescence. As can be seen from figure 5, activation of the PsoxS promoter occurs when BBH is 138 added at all concentrations from 1 to 100 g/l. On the basis of the data obtained in the experiments 139 we can suggest that BBH causes the appearance of a superoxide anion radical in the cell.
140 Table 1 shows the threshold values of activation of stress promoters when UDMH and 141 BBH appear in the medium. As "control" data are given for standard, promoter-specific toxicants 142 inducing a noticeable (1.5-2 times) effect of bioluminescence enhancement of lux-biosensors. It is known that as a result of oxidation of a number of hydrocarbon compounds by bacterial 150 cells, oxidative stress occurs [21, 22] .
151
According to the literature, BBH must be oxidized by oxygen, as well as all hydrocarbons by a 152 free-radical chain mechanism [23]. In the same work it is shown that under intense light one of 153 the products of strained compounds destruction is hydroxyl radical, this is shown by the example Oxidation by hydrogen peroxide pColD-lux 8*10 -6 7*10 -3 Mitomycin C, 10 -9 DNA damages which are leads to the formation of single-stranded sections of DNA in the cell.. pSoxS-lux 2*10 -4 3*10 -3 paraquat, 10 -7
Oxidation by superoxide anion radicals. pXen7 2*10 -3 4*10 -2 C 2 H 5 OH, 10 -2 Total toxicity is measured by the incidence of luminescence, which correlates with the number of living cells.
323
* The values of threshold concentrations for UDMH and standard toxicants which were 324 obtained by us earlier [18] [19] [20] 325 ** nd -not determined
